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mlcrosporangiate  and  rfcgasporangiate  strnbili  Induction.  Tl 
method  to  produce  targe  numbers  of  megasporangiate  strobill 
of  spraying  the  top  part  of  the  plants  with  a hig 
under  tong  days.  The  flowering  stimulus  has  an  acropetal 
Reasons  for  this  are  probably  related  to  the  nutritional  ■ 
the  plant,  GA  effect  on  metabolic  nutrient  sinks,  and  GA  i 


Total  pro- 


Jt terns  of  enzymes,  o-amylase,  peroxidase,  i 
tudied  by  polyacrylamide  gel  electrophoresi- 
/ere  also  studied  by  this  technique.  Total  activity 
tmmonia-iyase  in  induced  and  noninduced  buds  was  also 

transition  to  flowering;  some  enzyme  changes  in  o- 
•ere  observed  probably  reflected  modified  environment 
influences  on  seedlings.  These  results  suggest 
that  the  subcellular  metabolic  changes  preceeding  flower  induction  i 
Cup ress us  arjzonica  occur  at  a level  of  magnitude,  in  different  ceil 
fractions,  or  in  a quantity  of  tissue,  below  the  limits  of  analysis 


phenylaianii 

evaluated. 


Chapter  I 
GENERAL  REVIEW 
Introduction 


The  reproductive  and  vegetative  development  processes  in  trees 
regulate  seed  and  fiber  production.  Understanding  the  inherent  con- 
trol mechanisms  of  these  processes  is  Important  from  both  a scientific 
and  commercial  standpoint.  The  study  of  physiological  changes  occurring 
within  a tree  during  transition  to  flowering  may  elucidate  some  of  the 
internal  control  mechanisms  and  facilitate  regulation  of  tree  growth. 

•t ion  to  reproductive  primordia  has  not 

respond  t( 


yet  been  possible.  However, 

(GA)  by  initiating  strobiii  in  less  than  i 
mally  these  plants  only  produce  strobiii 
or  five  years.  These  species  are  useful 
Internal  mechanisms  leading  to  flowering, 
to  the  study  of  the  influence  of  chemical 
seedlings  with  active  strobiii  development,  and  to  the  study  of  facte 
influencing  reproductive  development  or  vegetative  growth. 

Extensive  studies  have  been  carried  out  in  Cryptomeria  japonlca 


applications  of  gibbereilins 
le-year-old  seedlings.  Nor- 
id  seed  beyond  the  age  of  four 


d fertilizer 


een  reported  {Hashizume,  1961c;  1969).  But  no 


reported 


Influence  of  strobllt  development  on  vegetative  growth 


the  enzyme  changes  occurring  after  GA  Induction  of  stroblli. 

The  purposes  of  this  study  were  to  increase  our  understanding  of 
the  physiological  and  biochemical  mechanisms  affecting  flowering  in 
Cupressus  arizonica  after  GA  application.  Attempts  were  made  to  dis- 
cern the  effect  of  reproductive  development  on  vegetative  growth;  to 
increase  the  production  of  megasporangiate  in  relation  to  microsporangiate 
stroblli;  to  verify  the  effect  of  localized  external  applications  of  GA; 
and,  to  study  the  changes  in  isozymes  with  flowering. 

Background  II terature 

The  historical  aspects  of  major  events  in  flower  induction  have 
been  extensively  reviewed  (Lang,  1965;  Chailakhyan,  1968;  Evans,  1971; 
van  de  Pol,  1972).  Tournois  (1912)  first  reported  the  effect  of  short 
day  length  on  flowering.  Garner  and  Allard  (1920)  confirmed  this,  and 
applied  the  terms  photoperiod,  photoperiod  ism  and  critical  photoperlod- 
ism.  The  "florigen"  concept  (Chailakhyan,  1936)  as  the  substance  res- 
ponsible for  flowering  is  widely  questioned  (Evans,  1970-  Supporting 
evidence  from  grafting  experiments  with  35  different  species  shows  that 
the  fiewering  stimulus  is  transmitted  from  Induced  plants  to  noninduced 
ones  (Chailakhyan,  1968).  Although  florigen  has  not  been  Isolated  the 
possibility  of  Its  existence  Is  still  recognized  (Chailakhyan,  1968; 
van  de  Pol,  1972).  The  flowering  stimulus  can  be  characterized  in- 
ternally by  changes  In  relative  amounts  of  growth  substances,  changes 
In  the  kinds  of  RNA,  changes  in  enzymes  and  other  metabolites. 

Photoperiod,  which  determines  flowering  in  many  plants,  is  detected 
by  the  leaves  of  the  plants,  and  acts  through  the  intermediary  compound; 


phytoehrome.  In  the  case  of  the  flowering  stimuli,  we  do  not  know 
exactly  how  they  are  translated  to  differentiate  flowers.  Steps 
from  the  light  quality  perception  by  phytoehrome  to  flower  formation 


GA  promotes  flowering  In  several  long  day  plants  under  noninductive 
conditions.  It  also  evokes  several  other  responses.  Recent  reviews 
describe  many  effects  of  GA  on  plants  (Galston  and  Davies,  1970;  Vlareing 
and  Phillips,  1970).  These  include  increase  In  cell  permeability 
(Artamonova  and  Artamonov,  1971) ■ preventing  destruction  of  Indole" 
acetic  acid  by  indoleacetlc  acid  oxidase  (Kijgl  and  Elema,  I960)  and 
channelling  a nutrient  supply  to  GA  treated  parts  (Werthelm,  1971; 
van  Overbeek,  1966).  The  nutrients  accumulated  are  mainly  carbo- 
hydrates (Sanlewski  and  Pleniazek,  1972). 

Carbohydrate  accumulation  has  often  been  related  to  flowering 
(Sachs  and  Hackett,  1969;  Henrlckson,  195k;  Curming,  1967;  Davis,  1957; 
Stanley,  1958).  The  carbohydrates  may  accumulate  due  to  flow  from 
other  plant  parts,  or  due  to  starch  degradation  indirectly  caused  by 
GA.  In  barley  seed  aleurone  cells,  GA  released  by  the  enfcryo,  or 
supplied  exogenously,  causes  the  production  of  a new  mRNA  which  in  turn 
Is  translated  Into  new  o-amylase  (Varner  and  Chandra,  196k).  This 
enzyme  acts  on  the  starchy  endosperm,  releasing  sugars  necessary  for 
embryo  development.  De  novo  production  of  enzyme  is  one  consequence 
of  GA  application  to  plants. 

The  alteration  of  the  meristem  toward  development  of  reproductive 
buds  In  plants  requires  a de  novo  synthesis  of  new  proteins.  Such  new 
proteins  were  detected  in  meristems  undergoing  differentiation  to 
flowering  (Barber  and  Steward,  1968),  and  also  In  developed  flowers 


I;  iCahlem,  1970). 


(Marushige  and  Marushige,  1962;  Tran  and  Trippl,  1969 
Several  studies  support  the  view  that  transition  to  flowering  Is  pro- 
voked by  de  novo  DMA  transcription  and  translation  (Salisbury.  1963; 
Searle,  1965;  Bernier,  1970.  Hess  (1959)  found  that  plants  subjected 
to  a flower  inducing  photoperiod,  synthesize  new  RNA.  If  RNA  synthesis 
is  blocked  by  thiouracil,  the  plant  remains  vegetative,  suggesting  that 
transcription  is  necessary  for  production  of  enzymes  involved  In  flower 

but  new  translation  is  needed  (Hes lop-Harrison  and  Heslop-Harrlson, 
1970.  Cherry,  1970).  Thus,  the  flowering  stimulus  would  Initiate  pro- 

angiosperms  that  GA  acts  first  on  a cytoplasmic  factor  which  in  turn 
would  derepress  DNA  (Warning  and  Phillips,  1970). 
flayer  Induction  in  Conifers 

Host  have  their  microsporangiate  strobili  initiated  in  summer  under 
(Mergen  and  Koerting,  1957;  Goo,  I960.  Artificial  control  of  flower 


Induction  is  difficult  in  mosi 


Increased  see 


fertilization,  girdling, 

I production,  but  no  pre- 
, photoperiod  in  some  angio 


d for  all  conifers,  as,  s 
Conifers  require  different  internal  a 
(1967)  suggests  that  microsporangiate  strobili  are  induced  as  long  day 


id  external  conditions  for 


plants  and  megasporangiate  strobil!  as  short  day  plants  In  pines.  Phy- 

for  the  kinds  of  strobili  developed.  Aging  is  correlated  with  micro- 
sporangiatc  development,  and  maturation  with  megasporangiate  development 

tlonal  status,  while  aging  Is  not.  Thus,  growth  suppression  of  trees 
leads  to  mierosporangiate  strobili,  and  heavy  fertilization  to  megaspor- 
angiate strobili  production  (Hergen,  1961).  The  size  and  physiological 
status  is  more  important  for  reproductive  development  than  the  nuntoer  of 
growth  cycles  a tree  has  passed  (Wareing,  1959;  Ebell  and  McMullan,  1970; 
Alisopp,  1967) • 

Mierosporangiate  strobili  develop  at  the  lewer  portion  of  the  tree, 
and  megasporangiate  strobili  develop  at  the  upper  part  (Hard,  1964) . 

variations  in  light  and  atmospheric  conditions,  distribution  of  nu- 
trients and  differential  concentrations  of  growth  substances.  Develop- 
ment of  mierosporangiate  strobili  is  more  sensitive  to  2,  k-D  than  develop- 
ing favors  mierosporangiate  strobili  formation  (Larson,  I96  0.  Defoli- 

to  megasporangia  (Hashizume,  1961a).  The  same  effect  is  obtained  by 
covering  the  buds  with  waxed  paper  or  applying  heavy  nitrogen  fertiliza- 
tion (Hashizume,  1961b).  Cuttings  of  Plnus  radlata,  maintained  in  cul- 

glate  strobili,  while  trees  with  heavy  nitrogen  fertilization  produced 
almost  exclusively  megasporangiate  strobili  (Sweet  and  Will,  1965). 


Grafting  of 


of  mlcrosporangiate  strobili 
Plnus  sylvestris  lateral  shoots  In  winter 

detected  (Melchior  and  Heitmuller,  I960. 
Summarizing,  the  data  suggest  that  t 

status  of  the  plant,  by  growth  regulators 


seedlings  (Mirov,  1951).  Oebudding 
ilnter  leads  to  heavy  microsporangi- 
In  conjunction  with 


metabolic  activity  of  i 

which  can  influence  th( 
GA  Effect  on  Conifers 


le  bud.  Manipulat 
reproductive  capa 


development  of  mega-  < 


Ity  of  the  tree. 


Most  conifers  tested  for  grewth  response  to  GA  did  not  show  the 
expected  growth  acceleration  observed  in  angiosperm  seedlings  (Mel- 
chior, 1961).  Then  Kato  in  1958  reported  that  Cryptomeria  iaponlca 

strobili  and  high  concentrations  of  GA  or  late  summer  application 
induced  megasporangi ate  strobili  (Hashizume,  1959). 


produced  only  microsporangiate  strobili  on  seedlings  as  young  as  55 
days  old  (Pharis  et  al . , 1965a).  Mo  effect  on  vegetative  grewth  was 
observed  after  the  GA  treatment.  Concentrations  of  GA  applied  ranged 

induced  at  the  lower  GA  concentration  failed  to  mature.  Mo  megaspor- 


angiate  strobi I i 


1967;  1969;  1970), 
visible  st  rob  ill  va 
lusl tanlca  Co  120  d 


ion  to  GA  applications  (Pharis  and  Hoi 
tine  tag  from  the  first  application  t< 

huia  plicata.  Different  GAs  also  shoi 


differential  effectiveness  in  inducing  strobili,  and  it  was  noted  that 
short  days  were  favorable  for  megasporangiate  strobili  development  at 
the  top  part  of  the  seedlings  of  Cupressus  lusltanica  and  Thuja  pi icata 
(Pharis  and  Horf,  1968).  Thuja  plicata  (Pharis  and  Morf,  1970)  res- 

duction.  Several  Cupressaceae  and  Taxodiaceae  needed  a sequence  of 
long  day-short  day-long  day  for  development  to  maturity  of  strobili 
(Pharis  and  Horf,  1967;  1969).  Cupressus  arizonica  strobili  developed 
fully  under  short  days  but  a sequence  of  short  day-long  day  hastens  the 
development  compared  to  short  days  alone  (Pharis  et  al.,  1968). 

angiosperms.  GA  added  to  Cupressus  arizonica,  with  AMO-1618,  an  ethy- 

ponse.  By  pinching  off  buds  above  microsporangiate  strobili,  and 
spraying  the  strobili  with  urea  and  GA,  or  urea  and  auxin,  there  was  a 

zume,  1961c). 


INFLUENCE  0 


IF  FERTILIZERS  AND 

Studies  Indicate  that  GA 
not  promote  shoot  growth  in  Cu 
Pharis  and  Owens,  1966;  Pharls 
Ideal  material  in  which  to  stu. 
associated  with  the  transition  fro 
A similar  effect  also  wa* 


1970)  where  GA  application  caused 
strobili  development  started.  Sue 
of  vegetative  and  reproductive  gro* 
Nutrient  status  of  trees  and 
and  are  Important  for  reproductive 
nitrogen,  phosphates  or  a balanced 
production  in  many  conifers  (Ebell 
Mergen,  1957;  Hausser,  I960;  Wenge 
The  tallest  and  most  vigorous  tree 


I..  1965a; 


added  sugars  promote  flowering,  wh 
gen  promotes  flowering  (Chailakhyan 
conelet  and  cone  development.  During 

micronutrients  from  other  p; 

1969a) . 


strobili  production, 
arlzonica  (Pharls  et 
, 1967).  This  species  is  thus  an 
:h  suppression  and  metabolic  changes 
vegetative  to  reproductive  stages. 
occidental  Is  (Fraser, 
cease  completely  before 
bservations  suggest  that  control 
closely  interrelated, 
bohydrate  content  influence  growth 
velopment.  Fertilization  with 

970;  Hoeskstra  and 
1965;  tlocker,  1962). 
tional  state  produce 
long  day  plants. 


McMullan, 


968) 


Nutrients  a 
first  and  secoi 
is  channelling  sinks 
he  plant  (Dickmann  ai 


n developing  cones  (Dickraann 
of  pine  cone  development, 


Only  at  maturity  do  some  macronutrients  m 
matter  also  accumulates  in  higl 
and  Kozlowski,  1970).  In  the 
carbohydrates  make  up  half  of  the  weight  of  the  conelet,  and  the  cells 
are  highly  lignified;  In  the  second  year  most  reserve  materials  are 
used  In  cellulose  production  (Dlckmann  and  Kozlowski,  1969b). 

Els  et  al.  (1965)  compared  annual  cone  production  In  Pseudotsuqa 
menzlesil . Abies  grandls  and  Plnus  monticola  over  a 28-year  period  to 
the  annual  ring  width  variation.  They  found  that  In  years  of  high 
cone  production  rings  were  smaller  in  diameter  than  in  those  years  of 
lew  production. 

Optimal  levels  of  carbohydrates  have  been  correlated  with  flower- 
ing in  several  studies  (Sachs  and  Hackett,  1969;  Cumming,  1967).  By 
girdling  and  studying  carbohydrate  levels  at  cone  initiation  In 
Pseudotsuqa  menzlesil  (Ebell,  1971),  it  was  seen  that  starch  content 
st rob  1 1 1 initiation  time;  with  onset  of  cone 
: available  carbohydrates  and  growth  was  reduced 


increased  in  t 

as  was  the  frequency  of  new  si 
optimum  stroblll  initiation,  I 
Initiation  time  (Ebell,  1971), 
In  broccoli  (Fontes  and  C 
starch  increased  at  flowering 


, 1972)  soluble  carbohydrates  and 
and  GA  applications  increased  starch 
content  and  flowering.  In  carnations,  assimilates  increased  at  the 
site  of  GA  treatments  (Harris  et  al.,  I969) . In  Cryptomeria  japonica. 
soluble  carbohydrates  increased  after  GA  applications,  while  nitrogen 
decreased  in  differentiating  buds  (Hashlzume,  I96ld) . One  known  action 
of  GA  on  vegetative  plant  parts  is  that  it  increases  electrolyte  per- 


meabillty  (Artamonova  and  Artamanov,  1971),  thus  allowing  for  a 
higher  flow  of  assimilates. 

Different  GAs  have  different  affects  on  plants.  In  Hyosotls 
alpestris,  gibberellic  acid  (GAj)  promoted  stem  formation  while  GAy 
promoted  stem  formation  and  flowering  (Hlchniewicz  and  Lang,  1962} . 

In  conifers  a similar  action  is  envisioned,  since  different  GAs  are 
differentially  effective  in  flower  initiation  (Pharis  and  Morf,  1968). 
In  Cupressus  arizonlca.  four  known  GAs  and  two  unidentified  ones  have 
been  found  (Auddat  et  al.,  1968).  Probably  different  GAs  have  dif- 
ferent functions;  also,  one  kind  of  GA  supplied  to  the  plant  may  in 
some  cases  be  converted  to  another  one  and  regulate  separate  processes. 

Experiments  were  undertaken  to  help  understand  the  relationship 
between  vegetative  versus  reproductive  development  in  relation  to  fer- 
tilizers and  GA  application  in  Cupressus  arizonlca  seedllnos. 

Materials  and  Methods 

Eighty  Individually  potted  two-year-old  Cupressus  arizonlca  seed- 
lings were  used.  The  seedlings  were  of  unknown  genetic  stock  from 
seeds  obtained  In  1969  from  Dr.  Pharis.  The  plants  were  divided  Into 
four  groups  of  twenty  seedlings  and  placed  in  a greenhouse.  Starting 
May,  1971,  each  of  the  following  treatments  was  applied  to  each  tree 


a)  Fertilized  once  a week  with  50  cc  complete  Hoagland's 
solution  (Hoagland  and  Arnon,  I938); 

b)  Fertilized  once  a week  with  50  cc  complete  Hoagland's 
nutrient  solution  and  sprayed  once  weekly  with  100 
ppm  GA3  In  aqueous  .052  Tween-20  solution; 

c)  Sprayed  once  weekly  with  100  ppm  GAs 


•05t  Tween-20  solution;  and 


d)  Control  sprayed  with  aqueous  .0521  Tween- 
solution. 

At  the  end  of  this  period,  strobili  were  counted 

The  effect  of  fertilizer  and  GA  applications 
Illustrated  in  Figure  1.  GA  applications  and  add 
seedling  growth;  compared  to  control, 
synergistic  effect  on  growth.  Figure  2 depicts  typical 
in  the  seed! legs. 

bill  were  detected  and 
treatments.  Total  number  of  strobili  was  i 
fertilization  than  on  those  which  received 


experiment,  only  microsporangiate  stro- 
y developed  on  plants  subjected  to  GA 
ater  on  plants  receiving 
alone  (Figure  3).  With- 
•e  plants  which  did  not  produce  strobili. 
e P'rcentages  of  those  which  did  not  initiate  reproductive  develop- 
ed are  shorn  on  Figure  A. 

Under  the  conditions  of  this  experiment,  the  plants  responded  to 
treatment  with  strobili  induction  and  height  increment.  Within  Che 
treated  groups,  some  plants  did  not  Initiate  reproductive  develop- 
nt.  Figure  5 shews  the  average  growth  of  plants  with  strobili  against 


those  without.  Analyzing  g 
more,  and  plants  with  fewer 
emerged  (Figure  6) . 

bill  were  compared  to  growth 
(Figure  7)  differences  w 


h of  seedlings  grouped  into  plants  with 
n fifty  strobili  each,  a similar  pattern 


'th  of  plants  which  i 
e detected. 


: highest  number  of  stro- 
d not  produce  strobili 


FERT+GA 


FIG.  2 Height  growth  of  Cupressus 
arizonica 
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FIG. 3 Average  number  of 
microsporangiate  strobili 
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FIG.4  Percentage  of  seedlings  with 
microsporangiate  strobili 
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The  high  grcwth  rate  of  seedlings  sprayed  with  GA  compared  to 
those  not  treated  with  GA  was  different  than  the  findings  of  Pharis' 
group  (Pharis  et  al . , 1965a;  Paris  and  Owens,  1966;  Pharis  et  al., 
1967)*  One  possible  explanation  is  that  the  temperature  used  in  the 
previous  experiments  in  Canada  was  lower  (Pharis  et  al.,  1965b),  than 
that  in  the  present  experiments.  Their  experiments  were  done  under 


greenhouse  without  additional 


I9°C  day  temperature  and  15°C  night 
with  supplemental  artificial  light. 

light.  Their  seedlings  were  less  than  one-year-old,  v 
two-year-old.  These  factors  may  all  have  contributed 

strobili  initiation.  Control  of  the  direction  of  this  nutrient  move- 

negligible  under  conditions  of  these  experiments.  Strobili  growth 
was  reported  to  suppress  vegetative  growth  rate  in  three  conifers 


I.,  1965). 


strobili 


fewer  than  50  strobili 


number  and  without  strobili 


In  the  present  case,  only  microsporangiate  strobll!  were  observed 
and  the  growth  depression  was  negligible.  If  megasporangiate  stro- 
bill  had  been  Induced,  a stronger  suppression  of  growth  might  have 
been  found.  This  possibility  is  strengthened  by  the  fact  that  heavy 


ones  In  the  same  treatment. 

lings  flmering  (figure  A)  (85%  ii 
In  GA  treatment),  fertilization 


GA  + fert.  treatment;  and  5* 


quite  variable,  both  In  color  and  in  size  of  leaf  scales  and  growth 
habit.  The  phenotypic  variation  reflect  a genotypic  one,  and  this  may 


n spring  and  summer,  seedlings  of 
y Increased  growth  and  development 


Conclusion 

period  and  florida  temperature  ii 
Cupressus  arlzonlca  respond  t< 

periments,  a new  approach  was  desirable,  one  in  which  megasporangiate 
strobill,  and  growing  for  a longer  time  on  the  plants,  megasporangia 
influencing  the  growth  rate  more  strongly  than  microsporangiate 


strobill. 


directly  comparable  to  studies  of  vegetative  versus  reproductive 
interrelated,  and  that  induction  and  differentiation  are  dependent 


THE  GROWTH  AND  SEXUALITY  OF  STROBIll 
Introduction 

>1  of  megasporangiate  development  in  conifers 
3 seed  production.  Cupressus  arizonlca  seed- 

II  production  after  GA  application  (Pharis  et 
in  Cupressaceae,  short  day  treatments  and  high 
megasporangiate  development  (Pharis  and  Morf, 
968) , while  long  days  and  low  levels  of  GA 


I.,  1970). 
similar  control  mechanism. 


e development  (Phar 
id  Taxodlaceae  have 

ms  and  Pharis,  1971)  and  Cryptomeria 
Nitrogen  supply  and  auxin  content  or 

itrogen  fertilizing  favors  flowering  of  long  day 
flowering  of  short  day  species  (Chai lakhyan, 
e a slight  difference  in  photoperiodic  induction 
of  the  megasporangiate  and  microsporangiate  strobili;  microsporanglate 
stroblll  are  differentiated  earlier  In  summer  than  megasporangiate 
strobili.  This  suggests  that  the  nitrogen  effect  on  short  day  species 
primarily  influences  megasporangiate  strobili  differentiation  in  conifers. 


o megasporangiate 


23 

In  pines,  nitrogen  fertilization  (Stephens,  1961)  or  nitrogen  and 
phosphorus  fertilization  favored  the  transition  of  mierosporangiate 
strobili  to  megasporangiate  strobili  production  (Hashizume,  1961b).  In 
finus  radiate  (Sweet  and  Will,  1965)  nitrogen  and  phosphorus  fertilizers 
almost  eliminated  mierosporangiate  strobili,  but  not  megasporangiate 
StroblU-  ln  Cryptomeria  japonlca,  CA  and  I?  urea  sprays  promoted  mega- 
sporangiate development  resulting  in  good  seed  production  (Hashizume, 
I960).  In  this  species,  treatment  with  10,000  | 
caused  transition  of  mierosporangiate  primordia 
strobili  (Hashizume,  I96lc). 

Auxins  have  also  been  associated  with  a tendency  toward  fomaleness 
in  many  plants,  including  conifers.  In  Abies  sibirica,  conelets  form 
on  the  adaxial  side  of  the  shoots,  where  there  is  a higher  auxin  concen- 
tration than  on  the  abaxial  side,  where  mierosporangiate  strobili  are 
formed  (Minina  and  Belyaev,  1972).  This  difference  in  growth  regulator 
activity  Is  intensified  in  the  branch  at  the  time  of  strobili  Induction. 
At  Strobili  induction,  an  endogenous  auxin  fraction  increases  In  Pinus 
dens  I flora  and  .Cryptomeria  Japonlca.  If  shoots  which  normally  bear 
mierosporangiate  strobili  at  induction  time  are  pinched  off  above  the 
developing  buds  these  strobili  will  develop  into  megasporangia  (Hashizume, 
1969).  This  same  transition  effect  can  be  achieved  by  auxin  treatment 
In  Cryptomeria  japonlca  (Hashizume,  1961c).  In  pines,  addition  of  2, 

A-D  is  unfavorable  for  mierosporangiate  strobili  development  (Brown  and 
Greene,  1961;  Hong,  1963). 

Endogenous  auxin  content  also  shows  a decreasing  concentration 
gradient  from  the  top  of  the  plants  down.  In  conifers  this  auxin 
gradient  is  reflected  in  the  distribution  of  megasporangiate  strobili 


on  the  upper  parts  (Pharis  and  Morf,  1967;  1968).  Moreover,  as  a tree 
grows  taller,  strobil l-beartng  branches  which  were  first  induced  to 
become  megasporangiate,  gradually  become  situated  farther  away  from  the 
auxin  source  and  undergo  a transition  to  bear  microsporangiate  strobil! 
(Hashizume,  I96le). 

If  this  hypothesis  Is  correct,  then  to  produce  more  megasporangi- 
ate strobili , one  should  treat  Cupressus  arizonlca  seedlings  under  a 
decreasing  photoperiod,  with  a high  urea  fertilization  and  supply  an 
external  source  of  auxin.  An  alternate  step  would  be  to  try  to  induce 
megasporangiate  strobili  at  the  sites  where  endogenous  auxins  occur 
In  high  concentrations,  i.e.  on  the  top  part  of  the  two-year-old  seedlings. 

Experiments  were  designed  to  test  Induction  of  megasporangiate 
strobili.  Tests  Included  photoperiod,  urea,  auxin  and  GA  in  different 

Materials  and  Methods 


SIx-hk 


from  the  Andrews  Stal 
Eighty  individual ly-potti 


iressus  arlzonica  seedlings  of  commercial  stock 
Nursery  at  Chiefland,  Florida,  were  used. 

:ted  seedlings,  divided  into  eight  groups  of  ten 
• 8-hour  daylength,  with  a 25°C  day  and  20°C 


s follows:  GA3 


h)  Control 


20  as  a wetting  agent: 
e experiment  ran  from 


All  spray  solutions  contained  .052!  ' 
control  received  only  the  Tween-20  spray: 

October  31  to  December  31,  1971.  Height 
beginning  and  at  the  end  of  the  eight-we< 
at  the  end.  All  seedlings  were  watered  w 
Hoagland's  solution  whenever  necessary,  i.e.  about  twice  a week 

T tests  were  applied  to  the  data  to  detect  differences  among  the 
treatments  In  height,  production  of  microsporangiate  strobili  and 
megasporanglate  strobili  (Steel  and  Torrie,  I960). 

Results 

Influence  of  the  different  sprays  on  growth  of  the  seedlings  is 
presented  In  figure  8. 

Hortality  was  high  where  GA  and  urea  treatments  were  combined 
leaving  only  four  actively  growing  seedlings  for  the  final  evaluation 
of  treatments  (a)  GA,  + iaa  + i 


pidly  under  GA  influence. 

Treatment  effect  on  the  numbe 

Megasporanglate  strobili  were 
sporangiate  strobili.  Ho  slgnlflci 


s pronounced  on  seedlings  elong- 
e was  no  mortality  in  the  other 
and  (d)  were  healthy, 
if  microsporangiate  strobili  pro- 


treatment. figure  II 


difference  was  found  here  among 
high  variation  of  response  found  within  ea 
: the  results  of  megasporanglate  strobili 
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FIG.8  Height  growth  of  6 months  old 
Cu  press  us  arizonica 
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FIG.9  Average  number  of  microsporangiate 
strobili 


Discussion 


Growth  promotion  by  any  chemical  growth  factor  tested  here  in 
spray  (IAA,  urea,  GA)  was  better  than  control.  Possibly  nitrogen  was 
a limiting  factor  to  reproduction  and  growth.  These  data  are  strength- 
ened by  the  fact  that  simultaneous  application  of  GA  and  urea  gave  the 
highest  growth  rate,  although  it  does  not  explain  why  the  GA,  urea  and 


For  mlcrosporangiate  stroblll  Induction  it  was  not  expected,  from 
previous  reports,  that  auxin  would  be  effective.  These  results  con- 
firmed that  observation  made  on  other  species  than  Cupressus  arlzonica 
(Hashlzume,  1961c).  Contrary  to  the  expectation  of  nitrogen  action  on 
mlcrosporangiate  stroblll  development,  GA  and  urea  were  the  most  ef- 
fective treatment.  This  suggests  that  nitrogen  may  have  been  a limiting 


n megasporangiate  stroblll  Induction,  a 


To  test  if  nitrogen  is  limiting,  a treatment  with  a fertilizer 
high  In  nitrogen  would  be  expected  to  be  a better  substitute  for  urea, 
and  one  with  a complete  fertilizer  mix  but  low  in  nitrogen,  would  be 
more  beneficial  than  the  no-urea  treatments.  Hashizume  (I960;  1961c) 
successfully  used  this  same  urea  concentration  (I?)  on  Cryptomeria 
japonica  but  combined  this  with  a 100  ppm  GA  concentration.  In  this 
study  1000  ppm  GA  which  was  used  in  conjunction  with  lit  urea  resulted 
In  a A0$  survival  rate  of  the  seedlings,  making  statistical  evalu- 
ations more  difficult.  These  experiments  with  Cupressus  arlzonica 
should  be  repeated  with  I 
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FIG.10  Average  number  of  megasporiate 
strobili 


glstic  effect  occurs  so  th, 
tration  when  urea  is  added 


induction  in 
tat  induction 


Cupressus;  possibly  a syner- 


These  experiments  confirmed  that  high  GA  concentrations  are 
effective  In  the  promotion  of  megasporangiate  strobili.  However, 
10,000  ppm  urea  solution  is  too  high  for  application  with  1000  ppm 
GAj  on  actively  growing  plants.  Alternative  research,  in  addition 
to  reducing  the  concentrations  applied  to  Influence  megasporangiate 
Induction,  might  Include  treatments  with  different  growth  hormones, 
and  GA  applied  at  different  locations  on  the  plant. 


of  stroblli  distribution  as  other 


:e  (Pharis  and  Horf , 1968); 


distribution  p; 


The  apical  bud  is  a primary  source  of  auxin  production  which  moves 
in  a basipetal  gradient  causing,  among  other  things,  a strong  influence 
on  lateral  buds  and  branch  growth,  l.e.  apical  dominance.  In  the  area 
of  high  auxin  concentration,  megasporanglate  strobiii  develop,  suggest- 
ing a correlation  between  high  auxin  and  femaleness  (Pharis  and  Horf, 
1967;  1968).  This  hypothesis  is  supported  by  the  observations  that: 

I)  auxin  is  associated  with  megasporanglate  development  in  Cryptomeria 
japonica  (Hashizume,  1961c);  2)  auxins  increase  at  the  time  of  stro- 
biii induction  in  Pinus  densiflora  and  Cryptomeria  japonica  and  this 

sporangiate  induction  in  Pinus  densiflora  (Hashizume,  1969);  3)  auxin  is 
always  associated  with  megasporanglate  strobiii  induction  and  development 
in  Abies  sibirica  but  not  with  microsporangiate  strobiii  (Ninina  and 
Belyaev,  1972);  and  b)  6A  treated  species  of  Cupressus  and  Thuja 
31 


elongate  very  rapidly,  and  megasporangiate  strobill  are  borne  at  d 
tances  further  away  from  the  tip  and  the  branches  undergo  a redif- 
ferentiation, to  produce  microsporangiate  strobili. 

Micros poranglate  strobili  can  be  induced  in  Cupressus  arizoni. 
with  GA  sprays  (Pharls  et  al.,  1965a).  Long  days  result  in  roicro- 
sporangiate  development  (Pharls  et  al.,  1970)  as  docs  application  < 
low  concentrations  of  GA.  Induction  of  megasporangiate  strobili  r« 
quires  short  days  (Pharis  and  Horf,  1968;  Pharls  et  al.,  1968) 
concentrations  of  GA.  Cryptomeria  japonlca  (Hashizume,  1959)  responds 


•r  conditions  favorable  to  rmga- 
buds  developing  into  microspor- 


sporangiate  development,  the  nunfcer  o 
anglate  strobili  is  much  greater. 

Movement  of  GA  has  been  reported  in  '‘•C-tracer  studies  (McConh, 
1966).  In  corn  and  bean  plants,  there  was  first  an  acropetal  movement, 
followed  by  a distribution  over  the  whole  plant  of  the  ^C-label  ap- 
plied to  the  middle  of  the  plant  (Zweig  et  al.,  1961).  In  soybean 
(Crafts.  1967a,  b)  2.  i,-o-l<*c  applied  to  the  lower  part  of  the  plant 
moved  basipetally;  application  to  the  top  part,  moved  acropetally. 

If  2,  6-0  was  applied  to  centrally  located  leaves,  however,  It  moved 
both  ways.  If  Cupressus  arizonlca  has  a similar  pattern  for  GA  move- 
ment, local  control  of  induction  of  megasporangiate  and  microsporangiate 
strobili  might  be  accomplished.  Thus,  for  megasporangiate  development 


e only  lower  branches  could  be  induced  to  form  microsporangiate  st 
when  they  are  desired.  A method  of  local,  limited  GA  application 
ne  part  of  a stem  as  a possible  way  to  manipulate  cone  induction  w< 


Experiments 

sprayed,  and  how 
growth  and  the  k! 


were  designed  to  determine  th 
>i!i  induction  if  only  part  of 
concentration  of  GA  applied  ti 
nd  of  strobili  induced. 

Materials  and  Methods 


he  seedlings  affect 


group  of 


treatmen 


nine-month-oid  individually  potted  seedlings  were 
i evenly  as  possible  for  slae  and  the  same  physlologi- 
he  seedlings  were  of  commercial  stock,  unknown  genetic 
from  Andrews  State  Nursery  at  Chiefland,  Florida.  One 
6 seedlings  was  placed  under  8 hour  light,  the  other  under  18 
jerature  of  light  period  was  25°C  and  of  dark  period 
group  was  divided  Into  nine  treatments  of  four  plants 
, were  grown  two  months  under  the  photo-regimes  before 
started.  All  seedlings  were  watered  at  least  twice 
I strength  Hoagland's  (Hoagland  and  Arnon,  1938)  solu- 
ght  was  recorded  weekly.  After  eight  weeks  of  treatment, 
re  counted  on  each  1/3  section,  l.e.  upper,  middle,  and 
of  the  seedling. 

ment  solutions  were  applied  to  seedlings  In  an  agueous  .05% 
iution  and  applied  twice  weekly  as  follows: 
on  the  whole  seedling; 

on  middle  1/3  of  seedling; 
on  upper  1/3  of  seedling; 


i)  Control  (only  Tween-20  sprays} 

The  influence  of  tl 

:he  16  hour  photoperiod 
in  increase  of  more  thai 


Those  seedlings  receiving 
between  those  of  total  seedling  spray 
it  was  more  effective  to  spray  middle 


s different  photoperiods  and  concentrations  of 

lad  a marked  influence  on  growth,  resulting  in 
ian  1002  over  the  growth  increase  under  8 hour 
ersus  66  cm.  This  height  increase,  also  noted  In 
greatly  enhanced  by  6A.  In  the  1000  ppm  treat- 
of  the  seedlings  receiving  local  sprays  approached 
seedlings  receiving  sprays  on  the  total  plant. 


The  average  number  of  strobili  produced  per  seedling  per  photo- 
period and  GA  concentration,  regardless  of  the  part  of  the  seedling 
sprayed,  is  presented  in  Figure  12.  Under  16  hour  days,  the  effect 
of  GA  concentration  on  kind  of  strobili  induced  is  rrore  easily  assessed. 
GA  at  1000  ppm  leads  to  relatively  greater  increases  in  megasporangiate 
than  microsporangiate  strobili.  A 100  ppm  GA  concentration  induces 
relatively  more  microsporangiate  than  megasporangiate  strobili.  Under 
a short  photoperiod  the  concentration  effect  is  not  so  evident,  proba- 
bly because  the  total  numbers  of  strobili  of  both  kinds  induced  is 


d of  strobil i In- 
d partial  sprays  o 


FIG.11  Height  growth  with  localized  GA applicationfcm) 
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FIG. 12  Strobili  production  of  Cupressus 
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FIG .13  Average  number  of  strobili  per  seedling  part 


h of  16  hours  Che  d 


A toxicity.  This  cone ! us i o 


f vegetative  vi 


yield  more  mega- 
jrt  photoperiod. 


height  growth  is  not  as  great  as  photoperiod,  but  |i 
total  seedlings  enhances  growth  1004  more  than  100 
Under  long  days  growth  rate  Is  a little  lower  on  to 

is  strengthened  by  the  fact  that  partial  1000 
have  a higher  effect  on  growth  than  partial  I 
High  GA  concentration  and  long  photoperiod  in 
vegatative  and  reproductive  buds,  but  the  rat 
reproductive  buds  remains  the  same  (Pharls  et 
high  GA  concentration  and  long  photoperiod  t 
sporanglatc  strobili  than  lo 

expression  under  inductive  conditions  (Pharls,  1965b).  Auxin  may  also 
induce  ethylene  production,  which  also  increases  Induction  of  mega- 
sporangiate  strobili  (Bonnet-Hasimbert,  1970)  in  Cupressus  arlaonica 
seedlings. 

The  flowering  stimulus  induced  by  GA  application  has  a stronger 
tendency  to  move  upwards  than  downwards,  and  this  tendency  is  enhanced 
by  long  photoperiod.  Some  control  of  the  kind  of  strobili  induced  is 
possible,  as  evidenced  by  the  following  experimental  observations. 
Spraying  the  upper  top  of  the  seedling  results  in  a much  higher  number 
of  megasporangiate  strobili,  especially  on  the  top,  than  microsporangi- 
ate  strobili.  Spraying  the  lower  part  of  the  seedling  will  result  al- 
most exclusively  in  induction  of  microsporangiate  strobili;  and  due  to 
the  upward  mobility  of  the  stimulus,  they  will  appear  in  higher  numbers 
on  the  top  than  on  the  lower  part,  especially  under  long  days. 

Another  interesting  growth  characteristic  in  Cupressus  arizonlca 


applied  t< 


e st rob  ill  Inducing  stimulus  has  distinct  expression  on  the 
seedling,  depending  on  where  GA  was  first  applied.  GA 
the  top  of  the  seedlings  results  in  megasporangiate  stro- 
de top.  Several  interpretations  are  possible.  One,  the 
•e  GA  penetrates  the  plant  may  be  crucial:  GA  interaction 
■r  branches  could  allow  only  for  expression  of  microsporangl- 
strobi I i ; whereas,  GA  entering  and  interacting  with  upper  branches 
e induction  primarily  of  megasporangiate  strobili.  Two, 
stimulus  for  the  production  of  different  strobili  could  be  dif- 
Alternatlvely,  GAs  applied  to  the  top  may  find  a 
tetabolic  state,  e.g.  information  in  mdllA,  limited  to  inducing  mega- 

s applied  to  the  top  of  a plant,  carbohydrates  move  to  this  area;  if 
o to  the  lower  part,  carbohydrates  move  down;  if  applied  to  the 
, carbohydrates  move  both  ways  (Zweig  et  al.,  1961;  McComb,  1964). 
the  carbon  pool  to  form  new  cells  Is  flexible,  what  type  of  new 
are  induced  is  probably  precoded  before  GA  Initiates  the  growth. 

A paper  published  after  this  study  was  concluded  (Pharis  et  al., 
1972)  shows  that  GAs  applied  centrally  to  a Cupressus  arizonlca  seed- 
ling,  move  both  ways,  but  during  the  first  24  hours  moved  mainly  up- 
wards. This  is  in  agreement  with  the  findings  here  that  the  flowering 
stimulus  moves  acropetally.  Since  seedlings  were  repeatedly  sprayed 
In  my  experiments  the  opportunity  existed  for  repeated  upward  movement 
of  GA,  with  the  mobilization  of  carbohydrates  essential  for  growth 
being  more  available  in  seedlings  exposed  to  16  hour  photoperiod  than 
In  seedlings  exposed  to  the  8 hour  photoperiod. 


Chapter 


ENZYME  STUDIES  IN  CUPRESSU5  ARIZOHICA  AFTER  GA  APPLICATIONS 

Cupressus  arizonlca  seedlings  can  be  Induced  to  flower  by  appli- 
cation of  GA  (Pharis  et  al.,  1965a).  The  Induced  morphological  changes 
are  associated  with  physiological  changes  regulated  by  enzymes. 
Cupressus  arizonlca  treated  with  GA  provides  good  material  to  study 
the  enzyme  processes  associated  with  flowering. 


production  of  new  RNA  (Key,  1966;  Osborne,  1965).  Flowering  has  been 
related  to  new  RNA  synthesis  In  many  plants  (Salisbury,  1963;  Searle, 
1965;  Kupi ia-Ahvenniemi  and  Pahafcasi,  1966;  Bernier,  1971).  Flower 
Induction  and  development  is  also  associated  with  new  proteins  in 
Pharbitis  nil . Tull  pa.  Geum  urbanum  and  Acalypha  ornata  (Marushige 
and  Harushige,  1962;  Barber  and  Steward,  1968;  Tran  and  Trippi,  1969; 
Kahlem,  1970).  Van  Overbeek  (1966)  postulated  that  GA  acts  on  the 
genes,  Increasing  production  of  hydrolytic  and  proteolytic  enzymes  in 
cells;  the  enzyme  changes  increase  auxin  content  and  the  induced  cells 
generally  act  as  nutrient  sinks.  GA  may  also  repress  IAA  oxidases 
with  the  increased  auxin  leading  to  various  physiological  changes 
(Kogl  and  Elema,  1960;  Galston  and  McCune,  1961).  GA  has  been  reported 
to  increase  auxin  production  and  diffusion  in  plant  tissues  (Val- 
dovinos  et  al.,  1967)  and  to  alter  overall  enzyme  activity  while  inducing 
62 
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flowering  In  Trifolium  pratense  (Jones  and  Stoddart.  I570) . These 
results  suggest  that  the  primary  action  of  GA  may  he  to  induce  pro- 
tein synthesis  in  the  shoots. 

Flowering  in  woody  species  normally  occurs  after  attainment  of 
the  adult  stage.  Aging  has  been  reported  as  being  accompanied  by  in 
creases  of  peroxidase  bands  (Ockerse  et  el.,  1966) . In  Roblnla 
gseudoacacia,  a-amylase,  polyphenol  oxidase  and  peroxidase  increase 
in  transition  from  juvenile  to  adult  phase;  polyphenol  oxidase  dc- 


Hormones  directly  or  indirectly  cause  changes  in  enzyme  activity 
or  Isozymes.  Ethrel , a source  of  ethylene,  increased  peroxidase  ac- 
tivity in  cucumber  (Rctig  and  Rudich,  1972)  and  decreased  IAA  oxidase 
activity,  concomitant  with  higher  auxin  levels  and  femaleness.  IAA 
caused  an  Increase  in  peroxidase  activity  in  Pelargonium  tissue  cul- 
ture (Lavee  and  Galston,  1968).  Ethylene  also  Increased  peroxidase 
activity  in  sweet  potato  discs,  and  two  new  peroxidase  bands  appeared; 
the  ethylene  effect  was  prevented  by  cyclohexlmide  and  actinomycin  D. 
This  suggests  that  ethylene  acts  through  transcription  and  translation 
(Gahagan  et  al.,  1968) . Isoperoxidase  patterns  are  altered  by  addition 
of  IAA  or  GA  to  the  plants  (Street  and  Cockburn,  1972).  In  conifers, 
peroxidase  has  been  associated  with  high  mitotic  index  (Lebedenko, 
1967),  which  may  be  reflecting  a high  metabolic  rate  accompanying  cell 
division. 

--  Synthesis  of  a-amyiases  in  barley  endosperm  tissue  is  completely 
dependent  on  GA  (Varner  and  Chandra,  1964;  Varner,  1964).  Addition 
of  GAj  resulted  in  two  new  isozymes  in  this  tissue  (Homotani  and  Kato, 
1966;  Tanaka  and  Akazawa.  1970).  In  growing  plants,  a-amylase  activity 


A treatment  (Katsumf 


has  been  correlated  with  increased  growth  after  Gi 
and  Fuklhara,  1969;  Carter  ct  al.,  197 
by  supplying  sugars  from  starch  degradation. 

Polyphenol  oxidase  (PPO)  has  also  been  activated  by  hormones. 
Ethylene  increased  the  activity  of  amylase,  peroxidase  and  polyphenol 
oxidase  in  cotton  leaves  (Herrcro  and  Hall,  I960).  In  potato  tubers 
and  parsnip  roots  ethylene  increased  PPO  but  not  peroxidase  activity 
(Stahmann  et  al.,  1966).  Indole-acetic  acid  also  stimulates  PPO.  ap- 
parently through  the  action  of  a phenolic  component  (Vernon  and  Straus, 
1972).  PPO  also  produces  qulnones.  from  which  sugar-binding  flavonoids 


are  derived. 

Phenylatan 
phenylalanine  ti 


-lyase  (PAL)  catalyses  the  conversion  of 
namic  acid,  a precursor  of  lignin.  Plants 
with  high  rates  of  lignin  synthesis  have  high  PAL  activity.  In  several 
plant  species  GA  was  reported  to  indirectly  stimulate  PAL  activity  (Reid 
and  harsh,  1969).  GA  induced  PAL  activity  and  growth  were  not  propor- 
tional In  dwarf  peas  (Cheng  and  Marsh.  1968).  In  tobacco  tissue  cul- 
ture, HAA  and  GA  In  growth  media,  each  decreased  PAL  activity;  no  ef- 
fect on  direct  enzyme  assay  was  found  (Leonova  and  Gamburg,  1972). 

No  enzyme  has  been  related  specifically  to  flowering.  But  the 
flowering  process  seems  to  be  associated  with  different  enzyme  activi- 
ties than  those  In  vegetative  growth.  This  study  was  conducted  to  dis- 
cern if  certain  enzyme  changes  could  be  detected  with  the  transition 
to  flowering  in  GA  induced  Cupressus  arizonica.  The  following  enzymes 
were  compared:  a-amylase,  PAL,  peroxidase  and  polyphenol  oxidase. 

Materials  and  Methods 

Two-year-old  seedlings  from  commercial  stock  raised  at  the  Andrews 


State  Nursery,  Chiefland,  Florida,  were  used.  Eighty  seedlings  w 
Individually  potted  and  divided  into  four  groups  of  twenty  and  pi 
in  an  unheated  greenhouse  at  Gainesville  under  natural  daylight  c. 
ditlons.  These  experiments  ran  from  February  I to  March  30,  1973 
The  plants  were  subjected  to  the  following  treatments: 
a)  Control 

lice  weekly  with  .05?  Tween-20  and  1000  ppm 
'ice  weekly  with  .05?  Tween-20  and  1000  ppm 
ice  weekly  with  .05?  Tween-20  and  1000  ppm 


fol lowing 

30.  8 ranches 


b)  I . Sprayed 

3.  Sprayed 
Branch  material 

days:  February  1,  8,  16,  20,  24,  28, 
approximately  5 cm  in  length  were  taken  from  the  upper  half  of  the  seed- 
ling, each  containing  between  five  and  ten  buds.  Material  from  each 
group  of  plants  was  pooled  and  immediately  dropped  into  liquid  nitrogen. 

re  prepared  from  each  group  of  seedlings,  and  subse- 
•e  extracted  and  submitted  to  gel  electrophoresis. 

■e  made  by  grinding  the  material  in  liquid  nitrogen 
:etone  at  -I5°C  to  -20°C.  The  powders  obtained  were 
following  protein  extracting  solution  modified 


Acetone  povders 
quently  enzymes  - 
Acetone  powders  i 
and  washing  with 
dissolved  with  tl 
from  Hare  (1970) 


K2S205 
Ascorb I c 
Cleland 's 


reagent  O.lg 


Double  disci  I led 


Thirty  microliters  of  the  extractive  were  applied  to  polyacry- 
lamide gels  with  spacer  gels;  and  run  for  50  minutes  at  3 mlliamperes 
per  gel,  with  a pH  8.9  tris  buffer  in  the  upper  chamber,  and  pH  8.1 
trls  buffer  In  the  lower  chamber.  Later  the  gels  were  submitted  to 
enzyme  substrate  and  staining.  PAL  activity  was  measured  as  described 
by  Zucker  (1965).  Acetone  powders  were  dissolved  in  0.1  M borate 
buffer  pH  8.8,  and  the  solution  supplied  with  60  micromoles  of  L-phenyl- 
alanine  as  substrate.  Formation  of  trans-cinnamic  acid  was  measured 
at  30  minutes  time  intervals  for  two  hours  on  the  spectrophotometer  at 
290  nanometers. 

To  test  for  environmental  influences,  a new  experiment  was  set  up 

erature  at  I5°C  and  20°C.  One  group  was  sprayed  twice  weekly  with 

temperatures  at  2S°C  and  30°C,  with  one  group  sprayed  with  1000  ppm 
GA,  and  the  other  as  control.  Collections  were  made  every  five  days 
for  enzyme  analysis. 


Enzyme  and  protein  data  averages  are  summarized  In  Table  5-i.  A 
few  examples  of  typical  bands  obtained  in  the  procedures  used  are  showr 
In  Figures  16  and  15.  An  actual  photograph  of  gels  as  scanned  Is 
shown  next  to  the  representation  for  peroxidase  (Figure  14). 

Peroxidase 

Group  A had  12  bands;  B,.  8;  B2,  8;  and  B3,  8.  The  pattern  within 
each  group  was  consistent  with  little  variation  from  time  to  time.  No 
response  to  GA  treatment  was  apparent. 


Polyphenol  Oxidase 


AM  groups  had  6 bands,  varying  in  intensity  according  to  group. 
No  treatment  effect  was  obtained. 


at  the  beginnin 


results  varied  with  time  wi 


r isozyme  pattern  cou 


clearly  visible  (Figure  14).  Bands  7 and  8 had  th 
concentration  throughout,  except  on  day  44,  when  b, 
stronger  than  band  7,  and  on  day  58  when  band  7 wa: 


same  staining 


s pattern  of  variation  w. 


also  consistent  within  e: 


Environmental  Influence 

At  day  60,  no  strobili 


were  visible.  Since  no  transition  to  stro- 
enzyme  analyses  were  performed. 

nt  effect  may  have  several  origins: 
t tissues  with  buds  were  removed  for  analysis, 
ted  may  be  too  large  in  comparison  with  the 
where  differentiation  was  taking  place. 


<■8 


£ 


day 


FIG.14  Peroxidases  in  Cupressus  arizonica(A) 


Total  protein  in  C.arizonica 


"O 


I 


FIG.15  Total  protein  in  Cupressus  arizomca 


2.  There  was  no  effect 
ed  enzymes  studies.  Cupresst 
flowering  may  be  reflected  bj 
commonly  studied  In  angiosperms  or  in  this  study. 

3.  There  were  many  branches  on  plants  which  d 

did  not  shew  strobili  induction  masked  those  which  i 
Variations  detected  ( 


F GA  or  strobili  induction  on  the  llmlt- 
and/or  gymnosperm  bud  transition  to 
lifferent  enzyme  activities  than  those 


' branches  whi) 


ible  5-1)  in  a-amylase  and  total  protein 
:o  environmental  influences.  After  day  28, 
when  the  weather  turned  warmer,  several  isozymes  appeared  in  all 
groups.  Total  protein  bands  were  also  different  In  the  last  two  test 
dates,  with  the  intensities  of  band  7 and  8 changing.  Again,  this 
was  probably  due  to  environmental  influences  since  it  occurred  in  all 
treatments  and  control. 

The  failure  to  produce  strobili  may  be  related  to  the  photo- 
period. In  Thuja  occidental  is.  12  hour  light  periods  are  the  least 
effective  for  strobili  induction  (Fraser,  1370). 

Conclusion 

In  spite  of  the  time  spent  on  enzyme  methods,  results  were  not 
correspondingly  fruitful.  However,  advancements  were  made  in  perfect- 
ing techniques  and  expected  results  from  enzyme  studies  warrant  further 
reserach  efforts  with  still  further  improvements  in  methods. 

These  improvements  should  Include  the  use  of  (I)  large  population 
of  clonal  plant  material,  (2)  controlled  conditions  for  Induction,  and 
(3)  excised  buds  only  Instead  of  buds  and  subtending  branch  tissues. 

The  improved  techniques  for  extraction  of  enzymes  In  such  small  amounts 
of  bud  tissue  have  been  recently  reported  (e.g.  Haissig  and  Schipper, 


1972).  It  would  be  particularly  worthwhile  to  find  out  If  amylase 
enzyme  changes  represent  responses  to  temperature  and  what  caused 
the  changes  In  band  intensity  in  the  total  protein  fractions. 

Testing  for  total  activity,  not  just  isozyme  variations  in  such 
enzymes  as  amylase,  IAA  oxidase,  peroxidase  and  polyphenol  oxidase 
also  may  yield  more  answers  relative  to  more  answers  relative  to 
metabolic  activity  and  growth  changes. 


SUMMARY  AND  CONCLUSION 

Very  little  Is  known  about  physiological  changes  occurring  within 
a plant  during  transition  to  flowering.  This  work  was  undertaken  in  an 
attempt  to  learn  more  about  floral  induction  and  to  perfect  some 
techniques  with  the  plant,  Cupressus  arizonlca.  which  readily  responds 
to  chemical  treatment  of  GA  by  producing  stroblli.  Conclusions  which 
can  be  drawn  from  the  present  study  are: 

1.  GAj  induces  both  vegetative  and  reproductive  growth  of 
Cupressus  arizonlca.  Seedling  response  Is  varied;  some  produce  stro- 
blli profusely,  others  scarcely  and  some  none  at  all.  This  suggests 
that  genetic  material  highly  responsive  to  GA,  or  nonresponslvc,  can 
be  clonal ly  propagated  and  offers  better  future  experimental  material. 

2.  Complete  fertilizer  or  urea  application  enhances  response  to 
GA3.  Hwever,  the  combination  of  GA  and 


siderably  taller,  and  produce  be 
more  microsporangiate  stroblli  t 


: those  which  survive  grow  cc 
e megasporangiate  stroblli  a 


Presumably  an  auxin  Is  involved  in  regulating  reproductive  develop- 
ment of  growth  of  megasporangiate  strobili.  The  effectlv 
tlon  of  auxin  may  be  different  from  the  one  used  here.  It  can  be 
speculated  that  absorption  of  hormones  through  the  outer  leaves  I 
o plant,  corresponding  to  the  variation  In 
53 


different  f 


phenotypic  appearance,  which  shows  a remarkable  range  in  color  and 
shape.  A preliminary  experiment  with  a limited  number  of  seedlings 
shaved  that  injection  of  GAj  is  very  efficient  to  insure  uptake. 

3.  Short  photoperiods  and  application  of  high  GA  concentrations 
are  conducive  to  a higher  ratio  of  megaspo rang i ate  strobili  to 
microsporangiate  strobili  than  long  photoperiods  and  applications  of 

k.  An  efficient  method  was  developed  to  selectively  produce 
either  largely  mcgasporangiate  strobili  or  microsporangiate  strobili 
on  Cupressus  arlzonica  seedlings:  applications  of  GA  to  the  top  part 
of  a plant  result  mainly  in  production  of  mcgasporangiate  strobili; 
whereas,  GA  applications  to  the  lower  branches  result  almost  exclu- 
sively in  microsporangiate  strobili  being  Induced.  This  is  In  accord 
with  the  view  that  the  control  of  the  kind  of  strobili  produced  Is 
dependent  on  a stimulus  and  the  nutritional  status  of  the  plant  part 
where  strobili  will  be  initiated.  The  flowering  stimulus  has  a 
marked  tendency  to  move  upwards.  This  tendency,  and  the  difference 
of  response  of  applications  to  the  lower  and  upper  part  of  plants, 
result  in  the  top  of  the  plant  producing  megasporanglate  If  GA  is 
applied  to  the  top,  but  microsporangiate  if  application  is  on  the 
lower  parts.  Thus,  the  upper  branches  respond  differently  depending 
on  where  the  stimulus  was  first  applied.  Considering  studies  of  GA 
movement  in  other  plants,  it  is  possible  to  link  this  difference  in 

p resulting  in  the  production  of  micro- 
per  branches;  GA  applied  to  the  top 


response  to  nutrien' 
carbohydrates  down  ' 
sporanglate  strobili 


s carbohydrates  up,  and  megasporangiate  strobili  are  produced. 


55 

This  hypothesis  can  easily  be  tested  by  following  movement  of  3h 
labelled  6A  and  ^C-label led  carbohydrates  and  content  in  the  plant. 

5.  Enzyme  extraction  and  detection  in  Cupressus  arizonlca  tis- 
tues  works  well,  providing  relatively  large  amounts  of  plant  material 
are  available.  But  this  Is  a handicap  in  detecting  enzyme  changes 

In  the  actual  microscopical  amounts  of  tissues  where  induction  and 
transition  to  flower  bud  occurs.  Improvements  can  probably  be  made 
in  the  techniques  applied  to  micro  amounts  of  protein. 

6.  Genetically  homogenous  material  would  be  preferable  to  the 
variable  source  material  used  In  these  studies.  The  large  range  of 
variation  among  Cupressus  arizonica  seedlings  is  a disadvantage  In 
physiological-biochemical  studies.  Clones  can  be  established  for  uni- 
formity. In  this  aspect  Cryptomeria  japonica  may  be  more  useful.  It 
Is  a commercially  more  Important  species,  Is  easily  propagated  vegeta- 
tively,  and  has  larger  buds.  Cryptomeria  japonica  also  produces  stro- 


!,  S.,  E.  H.  Garroan  and  L,  F.  Ebell.  1965.  Relation  between  cone 

isffdissassasr... 


i&SisMs^&sz 


««KXTat 


fi.  ©..ivsssr  *",,“  —•“  - —• • 

Tr3H"SCK“ 

“■a,i;  i str-Ec-n  «r,»“  - “• 

^ Swr^eS'*- 


SlST'JS!Mr“  — 

nsssmi 


■K’Tv!!'S!35r““ 


"pikiiSi'iiiS. 


c first  half  of  I! 


I certify  that  I have  read  thia 
conforms  to  acceptable  standards  of 
fully  adequate.  In  scope  and  quality 
of  Doctor  of  Philosophy. 


scholarly  prescntatl 
, as  a dissertation 


y opinion  it 


1 certify  that  I 1 
conforms  to  acceptable 

of  Doctor  of  Philosophy. 


Robert  G.  Stanley,  Chairman 

this  study  and  that  in  my  opii 
of  scholarly  presentation  an) 
quality,  as  a dissertation  for  tl 


I certify  that  I have  rt 
conforms  to  acceptable  stand? 
fully  adequate,  in  scope  and 
of  Doctor  of  Philosophy. 


/‘role:, so r,  Agronomy 

end  this  study  and  that  in  my  opinion  it 
ards  of  scholarly  presentation  and  is 
quality,  as  a dissertation  for  the  degree 


I certify  that  I have  read  this  study  and 
conforms  to  acceptable  standards  of  scholarly  p. 
fully  adequate,  in  scope  and  quality,  as  a dissertation 


opinion  it 


!U.  -\J ^ 


Professor,  Botany 


This  dissertation  was  submitted  to  the  Dean  of  the  College  of  Agri- 
culture and  to  the  Graduate  Council,  and  was  accepted  as  partial 
fulfillment  of  the  requirements  for  the  degree  of  Doctor  of  Philosophy. 


